INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignant cancers in the world, and the fourth most common cause of death from cancer, the second-leading cause of cancer death in China, which alone accounts for 53% of all liver cancer deaths worldwide. Although HCC resection plays an important role in improving HCC prognosis, it has been generally accepted that the high incidence of recurrence and metastasis is the most crucial prognostic factor in patients with HCC [1] . The high recurrent rate in the liver with mainly intrahepatic metastatic spread remains a major obstacle to further improvement in the long-term survival after curative HCC resection [2] . The mechanism of recurrence and metastasis of hepatocellular carcinoma is very complicated, and includes cell adhesion, matrix degradation, cell migration and angiogenesis [3] [4] [5] [6] [7] . CCN gene family is a group of growth factor-inducible immediate-early genes, including cysteine-rich61 (Cyr61), connective tissue growth factor (CTGF), nephroblastoma overexpressed gene (Nov), Wnt-1 induced secreted protein 1 (WISP-1), WISP-2, WISP-3 [8, 9] . CCN proteins are secreted extracellular matrix (ECM)-associated proteins that regulate cellular processes, such as adhesion, migration, mitogenesis, differentiation and survival [10] . They also regulate more complex biological processes such as angiogenesis, chondrogenesis, tumorigenesis, fibrotic and vascular diseases [11] [12] [13] . Cyr61 gene was originally identified as an immediately-early gene of mouse 3T3 fibroblasts, and was also found to be expressed in developing mouse cartilaginous elements and placental tissues [14] . CTGF was originally identified in the conditioned culture medium of human umbilical vein endothelial cells, and revealed to be induced by transforming growth factor in human skin fibroblasts. Nov gene was identified as an aberrantly expressed gene in avian nephroblastomas induced by myeloblastosis-associated viruses. The overexpression of Nov gene was reported relative to human Wilsm's tumors.
Taking cues from clinical observations and results of our laboratory researches, we have hypothesized that solitary large hepatocellular carcinoma (SLHCC) possesses relatively better biological behaviors [15] . Furthermore, we have preliminarily proved our hypothesis by a series of researches [16] . The clinical pathological features of SLHCC were better than nodular hepatocellular carcinoma (NHCC) and the molecular biological study also suggested that SLHCC possessed better molecular pathological features.
Cyr61, CTGF and Nov gene may overexpress in HCCs. In this report, we studied the expressions of Cyr61, CTGF and Nov genes in HCCs and para-cancerous normal liver tissues, to clarify whether these genes might play an important role in the recurrence and metastasis of HCCs. Furthermore, we examined the expressions of Cyr61, CTGF and Nov genes in SLHCC, NHCC and SHCC and compared their differences.
MATERIALS AND METHODS

Patients and tissue preparation
Thirty-one fresh HCC specimens and corresponding paracancerous liver tissues were obtained by surgical resection at Xiangya Hospital between March 2002 and March 2003. The patients with HCC consisted of 26 men and 5 women and the age of them ranged from 21 to 69 years (mean, 48 years). The patients were classified as SHCC (tumor largest diameter 5 cm for a single tumor nodule or the sum of diameters 5 cm for two tumor nodules), SLHCC (a single tumor nodule and tumor largest diameter >5 cm), NHCC (the nodules of tumor 2, only two tumor nodules and the sum of diameters 5 cm were excluded). Furthermore, we divided 31 specimens into six groups: tumors <5 cm diameter and 5 cm, grade I-II and grade III-IV, liver cirrhosis and no liver cirrhosis, capsule formation and no capsule formation, microscopic portal vein tumor thrombosis and no microscopic portal vein tumor thrombosis. All specimens were examined under a microscope after haematoxylin and eosin (HE) staining.
RNA extraction and RT-PCR
Total RNA was isolated using Trizol reagent (GIBCO BRL, USA) and cDNA was synthesized from RNA by M-MLV reverse transcriptase (Promega, USA) with oligo-dT primers (Sango Technology, China). The primer sequences of Cyr61, CTGF and Nov genes were as follows: Cyr61, upstream:
The conditions of PCR were as follows: after an initial denaturation at 94 for 2 min, 30 cycles of denaturation at 94 for 30 s, annealing at 54 for 1 min and extension at 72 for 1 min. The bands representing amplified products were analyzed by Stratagene Eagle-eye scanner. Expressions of Cyr61, CTGF and Nov genes were presented by the relative yield of the PCR products of the target sequence to that of the β-actin gene.
Statistical analysis
The results of RT-PCR were statistically analyzed using the Student's t test. Fisher's exact test was used to determine the relationship between the expressions of Cyr61, CTGF and Nov genes and clinicopathological characteristics of HCCs. SPSS11.0 software was used. P<0.05 was considered statistically significant.
RESULTS
Expression of Cyr61, CTGF and Nov mRNA in HCC and paracancerous liver tissues
The expressions of Cyr61 and CTGF mRNA in HCC tissues were significantly higher than those in para-cancerous normal liver tissues. The expression of Nov gene was higher than that in para-cancerous normal liver tissues ( Table 1) . The difference in Nov gene expression between these two groups did not reach statistical significance. The expressions of Cyr61, CTGF and Nov genes are shown in Figure 1 . Between the groups with different pathological characteristics, the expressions of Cyr61, CTGF and Nov genes were significantly different. Especially, the differences between the two groups with and without microscopic portal vein tumor thrombosis were of great significance. Moreover, CTGF expression was significantly different between Edmondson's grades I-II and III-IV. The relationship between the expression of Cyr61, CTGF, Nov mRNA and clinicopathological features of HCC patients is shown in Table 2 .
Clinical and pathological features of three types of HCC
Thirty-one HCC specimens were divided into SLHCC, SHCC and NHCC according to their diameter and number of nodules. Liver cirrhosis, microvascular invasion, capsule formation, Edmondson's classification of HCC were studied in each group. NHCC group had a higher incidence of microvascular invasion compared with SLHCC and SHCC (P<0.05). Only 8.3% of NHCCs were classified as Edmondson's grade I-II, while 62.5% of SLHCC and 63.6% of SHCC were classified as Edmondson's grade I-II. The differentiation of NHCC was significantly poorer than that of SLHCC and SHCC (P<0.05). The other three pathological features of SLHCC and SHCC were also better than NHCC but did not reach statistical significance. No statistical difference in the five pathological features was observed between SLHCC and SHCC (Table 3) .
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Figure 1
Expressions of Cyr61, CTGF and Nov mRNA in hepatocellular carcinoma A and D : Cyr61 mRNA expression, product size 100 bp; B and E : CTGF mRNA expression, product size 105 bp; C and F: Nov mRNA expression, product size106 bp; M, DNA marker; T, tumor; P, para-cancerous normal liver tissues; T 1 , NHCC; T 2 , SLHCC; T 3 , SHCC. PCR product of β-actin was 360 bp. T1  T2  T3  M  T1  T2  T3 
Expression of Cyr61, CTGF and Nov mRNA in three types of HCCs
The expression of Cyr61 mRNA in NHCC was significantly higher than that in SLHCC and SHCC (P = 0.024 and P = 0.031, respectively). The expression of CTGF mRNA in nodular HCC was also significantly higher than that in SLHCC and SHCC (P = 0.016 and P = 0.027, respectively). No statistical difference in the expression of Nov gene among NHCC, SLHCC and SHCC was observed (Table 4) .
DISCUSSION
All members of the CCN gene family possess a secretory signal peptide at the N terminus, indicating that they are secreted proteins. Several lines of evidence supported a role of CCN molecules in tumorigenesis [8] . Cyr61 is a secreted, 40-kDa, cysteine-rich and heparin-binding protein coded by a growth factor-inducible immediate early gene [14] . Recently, it has been reported as an angiogenic inducer that can promote tumor growth and vascularization [17] . A mechanistic framework for the biological properties of Cyr61 has been provided by the finding that Cyr61 binds to integrin α v β 3 , which represents the first molecularly defined receptor for any member of the CCN family [18] . Interaction of α v β 3 with Cyr61 may account for its promotion of chemotaxis and growth factor-mediated DNA synthesis as well as cell adhesion since integrins have been known to modulate cell migration and growth factor signaling in other systems [16, 17] . In a direct interaction between the two molecules, Cyr61-mediated adhesion and migration of cultured endothelial cells were specifically inhibited by the peptide RGDS and/or antiintegrin α v β 3 [19] [20] [21] [22] [23] . In addition to its intergrin-binding property, Cyr61 appears to be localized to its site of synthesis by associating with the ECM, possibly by binding to heparin-like molecules. This interaction could limit the extent of Cyr61 diffusion so that its site of action is in close proximity of its site of synthesis [24] . In our study, the expression of Cyr61 gene in HCC tissue was markedly higher than that in para-cancerous normal liver tissues, indicating that Cyr61 may play an important role in hepatocellular carcinogenesis.
CTGF is a cysteine-rich mitogenic peptide that was originally identified as a growth factor secreted by vascular endothelial cells [25] . It was selectively induced in fibroblasts after activation with TGF [26] . A previous study demonstrated the coordinate expression of TGF1 and CTGF in granulation beds during wound repair, and found that dermal fibroblasts in scleroderma lesions overexpressed CTGF [27] . In addition to contributing to TGF-β-mediated AIG, CTGF could interact synergistically with EGF, PDGF, IGF-I, or bFGF, suggesting that it activates the receptors and/or signaling pathways used by other growth factors [28, 29] . Consistent with its profibrotic properties, CTGF has been found to be overexpressed in pancreatic cancers, mammary tumors, and melanomas [30] [31] [32] . In our study, the expression of CTGF gene in HCC tissue was obviously higher than that in paracancerous normal liver tissues, indicating that CTGF might play an important role in hepatocellular carcinogenesis.
Nov gene was first recognized as an overexpressed gene in nephroblastomas induced by myeloblastosis-associated virus type 1 [33] . Unlike the other members of this family, Nov gene expression was associated with quiescence and transcriptionally downregulated upon expression of p60 v-src in RSV-infected CEF [34] . It has been reported that overexpression of normal Nov gene in CEF has an inhibitory effect on cell growth, whereas expression of an amino-terminal truncated form of Nov gene was able to induce morphological transformation [35, 36] . Therefore, Nov is a negative regulator of cell growth, the amino-truncation of which would result in oncogenic activiation [37, 38] . Also, Koliopanos et al. [42] reported that Nov was a ligand of integrins α v β 3 and α 5 β 1 , and acted directly upon endothelial cells to stimulate pro-angiogenic activities, thus inducing angiogenesis in vivo. While, in our study, the expression of Nov gene in HCC and para-cancerous normal liver tissues had no difference. The diagnostic significance of Nov gene expression in HCC needs to be further investigated with more samples.
Metastasis and invasion of HCC is a multistep process, the molecular and cellular mechanisms of which have not been fully understood [39] . They may involve matrix degradation, cell motility, angiogenesis, etc. CCN proteins could regulate biological processes such as angiogenesis, chondrogenesis, tumorigenesis, fibrotic and vascular diseases [4] [5] [6] 40] . Numerous in vitro studies indicated that Cyr61 protein was related to angiogenesis [41] . Overexpressions of Cyr61, CTGF and Nov genes have been found in metastatic lesions of esophageal cancer, breast cancer, colon tumors, lung cancer and osteosarcoma [42] [43] [44] [45] . In the present study, we statistically analyzed the clinical and pathological parameters. No significant correlation was found among the parameters of age, sex, cause of liver diseases. Cyr61 and CTGF mRNA levels in patients with portal vein tumor thrombosis were significantly higher compared to those in patients without portal vein invasion. Moreover, CTGF mRNA level in Edmondson's grade III-IV was significantly higher than that in Edmondson's grade I-II. These results indicated that Cyr61 and CTGF had a close relationship with invasion and metastasis of HCC.
Previous studies have shown that SLHCC is different from other types of HCC in pathological features and invasiveness [16] . Coordinated with this, the relatively better pathological features of SHCC were found in this study. The differentiation of SLHCC was much better than that of NHCC, and microvascular invasion was observed more frequently in NHCC compared with SLHCC. No statistical difference in pathological features was observed between SHCC and SLHCC. In addition, the transcription level of Cyr61 and CTGF in NHCC was much higher than that in SLHCC and SHCC, while no statistical difference was observed between SLHCC and SHCC. The lower transcription of Cyr61 and CTGF mRNA in SLHCC was probably due to the relatively better molecular pathological features of SLHCC.
Our findings indicate that Cyr61 and CTGF genes are related to tumorigenesis of HCC, and may enhance the invasion and metastasis of HCC. Its molecular basis remains to be elucidated. What are the most important factors regulating the expression level of CCN family and how does CCN gene family regulate effector protein will be the subjects of our future studies. When the upstream and downstream signaling pathways are understood, those findings will provide new potential tools for the prognosis or prevention of invasion and metastasis of HCC.
